To elucidate the mechanisms of the beneficial hemodynamic action of nifedipine in congestive heart failure, the systolic and diastolic hemodynamic parameters were evaluated for 30min after sublingual administration of 20mg of nifedipine in 12 dogs with acute mitral regurgitation (group 1) and in 5 dogs without mitral regurgitation (group 2, sham operation group). An additional 6 dogs with mitral regurgitation were followed for 30min without nifedipine (group 3).
SUMMARY
To elucidate the mechanisms of the beneficial hemodynamic action of nifedipine in congestive heart failure, the systolic and diastolic hemodynamic parameters were evaluated for 30min after sublingual administration of 20mg of nifedipine in 12 dogs with acute mitral regurgitation (group 1) and in 5 dogs without mitral regurgitation (group 2, sham operation group). An additional 6 dogs with mitral regurgitation were followed for 30min without nifedipine (group 3).
Nifedipine lowered both arterial pressure and systemic vascular resistance, increased coronary blood flow and stroke volume significantly in both groups 1 and 2. The left ventricular developed tension was increased by nifedipine only in group 1, probably due to the geometric changes in the expanded left ventricle in failure, secondary to left ventricular preload and afterload reduction. Nifedipine had no effects on ventricular relaxation properties in this study.
This study suggests that the mechanisms responsible for the improvement of cardiac performance induced by nifedipine in heart failure caused by an acute mitral regurgitation are essentially a reduction in left ventricular afterload and an increase in left ventricular contractility secondary to afterload reduction.
ESPITE the understanding that nifedipine , 4-(2'nitrophenyl)-2, 6-(dimethyl-l,4-dihydropyridine), Adalat(R), a potent coronary vasodilator is a calcium blocker and probably depresses myocardial contractility by its calcium antagonistic action,1)-3) the benefits of nifedipine in the treatment of patients with congestive heart failure were recently reported by the authors,4) Polese et al,5) Matsui et al6) and Klugman et al . 7) Improvement of cardiac performance by nifedipine in patients with congestive heart failure is primarily a result of left ventricular unloading . However, other mechanisms such as an improvement of depressed myocardial contractility and relaxation in congestive heart failure may exist . The purpose of this study was to elucidate the true mechanisms of the improvement of cardiac performance seen with nifedipine in dogs with acute mitral regurgitation.
MATERIALS AND METHODS
Adult dogs, weighing 9 to 19 Kg, were anesthetized with 30mg/Kg intravenous sodium pentobarbital and intubated with a cuffed endotracheal tube and ventilated with a Harvard respirator using room air throughout the experimental procedure.
Following a left thoracotomy in the fourth or fifth intercostal space, the heart was suspended in a pericardial cradle. The left atrial pressure (LAP) was measured with a high fidelity microtip catheter transducer (Miller) inserted through a stab incision of the left auricular appendage. The aortic pressure (AOP) was measured with a catheter inserted through the left carotid artery. The pulmonary artery pressure (PAP) was measured through an elastic canula inserted into the main pulmonary artery and connected to the strain gauge transducer (Biophysiograph Model 180, Saneisokki) and the right atrial pressure (RAP) was measured through a Cournand catheter inserted through a stab incision of the right atrial appendage.
The ascending aortic blood flow, i.e., cardiac output (CO) and left circumflex coronary blood flow (CBF) were measured with electromagnetic flow meters (Model 26 MF, Nihonkoden) with flow probes placed around the root of the ascending aorta and the circumflex branch of the left coronary artery. The left ventricular wall tension was measured with a WaltonBrodie strain gauge arch positioned perpendicular to the left anterior descending coronary artery (LAD), because arches perpendicular to the LAD were proved by Robie and Newman to be more reliable than those parallel to the LAD.8) The time course of segmental isometric tension (TPT) and relaxation index (RT 1/2) were determined. The time from onset of segmental tension to peak isometric tension (TPT) plus the time for tension to fall to 50% of the peak value (RT 1/2) was used as an index of the total duration of segmental contraction.9)-13) Another catheter was inserted into the coronary vein through the right auricular appendage and coronary sinus ostium to draw blood samples for gas analysis. Blood gas was analyzed with an ABLI Radiometer, Copenhagen. The heart rate was calculated from the R-R interval of the electrocardiogram. Following the completion of these preparations, mitral regurgitation was produced in 17 dogs by crushing the mitral or submitral apparatus with a curved clamp with hooks through a stab incision of the left auricular appendage. The condition was then allowed to stabilize for 30min. Hemodynamic measurements and blood sampling for gas analysis were done before and at 10min intervals for 30min after sublingual administration of 20mg (1-2mg/Kg) of nifedipine (group 1, 12 dogs) which was the upper limit dosage for accurate sublingual administration and effective dosage determined from a dose response curve of mean blood pressure (MAOP), left atrial v wave pressure (LAVP) and stroke volume (SV) in dogs with mitral regurgitation (Fig.1 ). Five dogs without mitral regurgitation (group 2, sham operation group) were studied with the same protocol as those in group 1. Six dogs with mitral regurgitation were followed for more than 30min without nifedipine as controls (group 3).
Derived hemodynamic variables were calculated as follows: Stroke volume (SV) (ml/beat)=cardiac output (CO)/heart rate. Total systemic vascular resis-Jpn. Heart J. Other abbreviations and symbols as in Fig.2 . Fig.3c ).
DISCUSSION
The results of this study essentially support our previous clinical reports4)-6),14),15) in which nifedipine improved cardiac performance by reducing left ventricular afterload. However, other mechanisms for improvement of cardiac performance were thought to be involved in congestive heart failure produced by mitral regurgitation.
The effect of nifedipine on heart rate: In previous clinical studies, heart rate was reported to be increased4) or not altered5),6) by nifedipine, but was decreased significantly by nifedipine in anesthetized dogs in this study (p< 0.05). The slowing of the heart rate by nifedipine may be a crucial factor in excluding the possible effect of sympathetic nervous system activation secondary to depression of blood pressure. 16) Effects of nifedipine on blood pressure and vascular resistance: Despite the general agreement concerning the action of nifedipine on systemic blood pressure and systemic vascular resistance, there has been disagreement on the effects of nifedipine on pulmonary artery pressure and pulmonary vascular resistance.4)-6) Although Polese et al,5) Matsui et al6) and Klugmann et al7) demonstrated a significant reduction in pulmonary artery pressure and pulmonary vascular resistance in patients with severe congestive heart failure, in this study, as in our previous clinical report,4) nifedipine did not reduce either the pulmonary artery pressure or pulmonary vascular resistance. The difference between our data and others might be due to the difference in severity of congestive heart failure. Nifedipine reduces pulmonary artery pressure and pulmonary vascular resistance which is elevated abnormally but keeps the pulmonary artery pressure at a relatively high level by increasing venous return. An increase in venous return by nifedipine was proved to be true by Hashimoto et al17) who measured both superior and inferior caval vein flow using electromagnetic flowmeters in dogs. Effects of nifedipine on cardiac performance: Although left atrial pressure is not equivalent to the left ventricular end-diastolic pressure in acute mitral regurgitation, the v wave of the left atrial pressure curve may reflect the severity of mitral regurgitation, and nifedipine clearly lowered the left atrial v wave pressure which is abnormally elevated in dogs with acute mitral regurgitation (Fig.2b) . This means that regurgitant mitral flow was reduced by nifedipine.
Systolic property: Stroke volume increased after administration of nifedipine in both groups 1 and 2, but the developed tension of the left ventricular free wall segment increased only in group 1 (Fig.3b) . The increase in the developed segmental wall tension in group 1 was probably caused by the left ventricular geometric changes secondary to afterload reduction. Therefore, an improvement of cardiac performance, of which developed tension is one parameter, by nifedipine is essentially due in mitral regurgitation to afterload reduction in the left ventricle. The role of preload reduction in improving cardiac performance was not confirmed in this dog experiment. Although coronary blood flow is very crucial to the improvement of impaired cardiac performance, nifedipine increased coronary blood flow equally in dogs with and without mitral regurgitation in this study. Therefore, the increase in the developed tension of the left ventricular wall segment in group 1 cannot be related to the increase in coronary blood flow.
TPT, which has been considered as an index related to myocardial contractility9)-11) was significantly lower in group 1 than in group 2 and was increased by nifedipine in group 1. These data also represent the improvement in the systolic property of the impaired left ventricle .
Diastolic property: As for the effect of nifedipine on the ventricular diastolic property, an increase in the left ventricular diastolic compliance by nifedipine was demonstrated in patients with hypertrophic cardiomyopathy by Lorel et al, 19 ) but has not been confirmed in ischemic heart disease .3),19),20) RT 1/2, which was considered as an index of left ventricular relaxation or diastolic compliance, was likely to be longer in dogs with mitral regurgitation (group 1) than in the sham-operated dogs (group 2), but nifedipine showed no significant effects on the left ventricular relaxation property in dogs with acute mitral regurgitation. However, as abnormal relaxation has been considered to be one of the earliest manifestations of mechanical dysfunction of the left ventricle clinically,18) the effects of nifedipine on the impaired relaxation property of the myocardium in congestive heart failure must be evaluated using more reliable parameters of myocardial relaxation or compliance .
